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Potassium (K+) channels of the inner mitochondrial membrane
influence cell function and survival. Increasing evidence indicates
that multiple signaling pathways and pharmacological actions
converge on mitochondrial adenosine triphosphate-sensitive K+
(mitoKATP) channels and protein kinase C (PKC) as pivotal compo-
nents of cytoprotection against necrotic and apoptotic cell injury.
However, the molecular structure of mitoKATP channels remains
unresolved, and no mitochondrial phosphoprotein has yet been
identified that may mediate cytoprotection by these kinases. By
patch-clamping the inner membrane of subsarcolemmal murine
cardiac mitochondria we found that genetic connexin 43 (Cx43)
deficiency, pharmacological connexin inhibition by carbenoxolone or
Cx43 blockade by the mimetic peptide 43GAP27 significantly reduces
diazoxide-mediated stimulation of mitoKATP channels, explaining loss
of cytoprotection in Cx43+/− mice in vivo. Suppression of mitochon-
drial Cx43 inhibited mitoKATP channel activation by PKC. MitoKATP
channels of interfibrillar mitochondria, which do not contain any
detectable Cx43, are completely drug- and PKC-insensitive, (i)
confirming the fundamental role of Cx43 for mitoKATP channel
stimulation, and (ii) indicating compartmentation of mitochondria in
cell signaling. Our results define a novel molecular function of
mitochondrial Cx43 and provide a link between cytoprotective
stimuli and mitoKATP channel opening. Thus, mitochondrial Cx43 is
an attractive target for drug development against cell injury.
doi:10.1016/j.bbabio.2010.04.392
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Apoptosis is essential to mechanisms controlling tissue home-
ostasis and is involved in a variety of pathologies including
degenerative diseases, aging, and cancer. Bcl-2 family proteins
regulate this cell death program by controlling the formation of the
mitochondrial apoptosis-induced channel, or MAC. Assembly of MAC
corresponds to the commitment step of apoptosis, as MAC provides
the pathway across the outer membrane for the release of
cytochrome c and other pro-apoptotic factors from mitochondria
[1]. While anti-apoptotic Bcl-2 antagonizes MAC activity, oligomers of
the pro-apoptotic members Bax and/or Bak are essential structural
component(s) of MAC [2]. In fact, assembly of MAC from Bax or Bak
was monitored in real time by directly patch-clamping mitochondria
with micropipettes containing the sentinel tBid, a direct activator of
Bax and Bak [3] Recently, high affinity inhibitors of MAC (iMACs)
were identified by Peixoto et al. [4]. Our ability to pharmacologically
open and shut MAC may provide crucial clues in mechanistic studies
of apoptosis and have potential therapeutic applications.
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Mitochondria have been shown to play a pivotal role in apoptotic
signalling in various cell types. We have recently reported that in
lymphocytes the voltage-gated potassium channel Kv1.3, known to
reside in the plasmamembrane, is active also in the innermitochondrial
membrane [1]. Upon induction of apoptosis, outer-membrane inserted
Bax binds to and inhibits Kv1.3 resulting in hyperpolarization, an
increase in reactive oxygen species production and cytochrome c release.
In cells lacking Kv1.3 these events do not take place. The physiological
relevance of Kv1.3 for apoptosis is illustrated by the facts that knock-
down of Kv1.3 expression in human peripheral blood lymphocytes
impairs apoptosis in these cells, and expression of mitochondria-
targeted Kv1.3 is sufficient to sensitize to apoptotic stimuli resistant
CTLL-2 T lymphocytes, which lack Kv channels [2]. Recombinant Kv1.3,
when pre-incubated with Bax, prevents the actions of Bax at the level of
mitochondria [3]. Data obtained with mutant Bcl-2 family proteins
further point to an important role of this channel in the sequence of
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events leading to Bax-induced cytochrome c release. Furthermore, the
presence of Kv1.3 protein in mitochondria from various cancer cells is
observed, suggesting that this channel might play a role in the apoptotic
signalling not only in lymphocytes but also in other cells.
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A channel often observed in patch-clamp experiments on the
inner membrane of mitochondria isolated from Human Colon Tumor
116 (HCT116) cells has been identified as the intermediate con-
ductance K+-selective Ca2+-activated channel KCa3.1 (MIMIK) on the
basis of its biophysical and pharmacological properties. The channel
can exhibit different conductance states and kinetic modes, possibly
reflecting post-translational modifications. As for the other known
mitochondrial K+ pores, MIMIK represents a population of a channel
also present in the plasma membrane. Its mitochondrial location has
been demonstrated by electrophysiological experiments on mito-
plasts expressing a mito-targeted fluorescent protein and by a
biochemical approach using specific markers of mitochondrial and
contaminating membranes. In a limited survey of KCa3.1-expressing
cells MIMIK has also been found in the mitochondria of HeLa cells and
of a line of mouse embryonic fibroblasts, but not in those of two other
colon tumour-derived cells, Caco-2 and C-26. Its presence in
mitochondria thus appears to be regulated. The channel is predicted
to have a role in mitochondrial physiology: moderate increases (K50 is
about 300 nM) in matrix Ca2+ will cause its activation, leading to K+
influx and depolarization in response to a Ca2+ signal. We are
exploring the possibility that the channel may also be involved in
cellular processes such as proliferation or death.
doi:10.1016/j.bbabio.2010.04.395
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Transient cerebral ischemia is known to induce endogenous
adaptive mechanisms such as the activation of mitochondrial ATP
regulated or Ca2+ regulated large conductance potassium channels
that can prevent or delay neuronal injury. However, molecular
mechanism of this effect remains unclear. In this study, a single
channel activity was measured with patch-clamp of the mitoplasts
isolated from gerbil hippocampus. In 70% of all the patches, a
potassium selective current with properties of the voltage-gated
potassium channel (Kv type channel) was recorded with mean
conductance 109±6 pS in symmetrical 150 mM KCl solution.
Detected channel was blocked by negative voltage and margatoxin
(MgTx) a specific Kv1.3 channel inhibitor. The inhibition by MgTx was
irreversible. We observed that ATP/Mg2+ complex or Ca2+ ions had
no effects on observed activity of ion channel. Additionally, we
showed that agitoxin-2 (AgTx-2), potent inhibitor of the voltage-
gated potassium channels, was without effect on channel activity.
This observation suggests that mitochondrial voltage-gated potas-
sium channel can represent different molecular structures without
affinity to AgTx-2 in comparison to surface membrane channels. Also,
Western blot analysis of mitochondria isolated from gerbil hippo-
campus and immunohistochemistry on gerbil brain sections confirm
the expression of Kv1.3 protein in mitochondria. All together, we
conclude that gerbil hippocampal mitochondria contain voltage-
gated potassium channel (mitoKv1.3 channel) with properties similar
to the surface membrane Kv1.3 channel which can influence function
of mitochondria in physiological and pathological conditions.
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Mitochondrial translocases convey the precise relocation of
cytoplasmic encoded proteins to one of the four discrete compart-
ments enfolded by their two membranes. Among their multiple
subunits, those forming the aqueous channels have proven essential
for the functioning of TOM andTIM23 translocases. Previously we
have reported the conditions to uncover in organello the channel
activity of TIM22, the translocase mediating the insertion of multi-
spaning proteins into the inner membrane. Only cargo proteins facing
the intermembrane space trigger the activity of this otherwise silent
channel. Three membrane proteins: Tim22p, Tim54p and Tim18p
partake TIM22. We have performed the molecular dissection of
TIM22 present in mitochondria of eight yeast strains with different
expression levels of its defined components. These results combined
with those of the native complex and those of patch-clamping the
inner membranes of their mitochondria, outline the biogenesis of the
complex and the role played by each component. Our results indicate
that Tim22p is present in a complex of about 380 kDa also containing
Tim18p and Tim54p. The biogenesis of this complex depends on the
simultaneous presence of the three membrane proteins. Tim54p
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